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14.  ABSTRACT 


This  project  is  designed  to  create  new  proteins  based  on  naturally  occurring  spider  silk 
proteins  with  the  goal  of  controlling  elasticity  and  tensile  strength  in  fibers  spun  from  the 
proteins.  The  new  genes  have  been  constructed  in  year  1,  the  proteins  have  been  expressed 
and  purified  in  this,  year  2,  and  characterized  to  insure  they  are  correct.  We  have  now  spun 
fibers  from  the  produced  silk  proteins  and  started  preliminary  mechanical  testing.  The 
spinning  process  will  need  to  be  optimized  but  fibers  have  been  produced  with  diameters  as 
small  as  8um  and  tensile  strengths  within  25%  of  the  natural  dragline  silk  fibers. 
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Objectives:  No  Changes 
Status  of  Effort: 

We  have  produced  proteins  and  characterized  them.  One  protein  has  been  spun  into  a  fiber  with 
properties  that  approach  those  of  the  natural  silk  fibers.  We  are  on  track  with  the  research  with  key 
accomplishments.  The  key  goals  for  the  next  year  are  to  optimize  the  spinning  process  for  each  of  the  new 
proteins,  obtain  mechanical  testing  data  and  compare  that  to  the  protein  sequences. 

Accomplishments : 

We  constructed  twelve  new  spider  silk  genes  that  range  from  entirely  elastic  motifs  to  entirely  strength 
motifs  in  year  1.  Eight  of  them  produced  proteins  of  approximately  75  kdal  in  E.  coli.  The  expression  levels 
varied  by  at  least  a  factor  of  five  between  the  various  constructs  but  all  produce  detectable  protein.  This 
period,  year  2,  we  have  scaled  up  the  protein  production  to  have  enough  protein  to  spin  fibers  and  produce  thin 
films  for  four  of  them  and  are  continuing  on  the  other  four.  The  proteins  have  all  been  tested  for  the  correct 
molecular  weight  via  MALDI-TOF  and  for  amino  acid  composition,  which  matches  that  expected. 

We  have  started  spinning  fibers  from  the  synthetic  silk  proteins.  There  was  a  several  month  delay  in  this 
process  due  to  extraordinary  difficulties  in  getting  the  spinning  equipment  shipped  from  Canada  to  here. 

Nexia  donated  the  equipment  to  us  and  that  seems  to  derail  the  U.S.  Customs  Service.  So  it  took  nearly  four 
months  and  10  hours  of  phone  discussions  with  at  least  8  different  groups  to  get  the  equipment  to  UW.  We 
have  now  spun  fibers  from  all  of  the  proteins  (nine  different  ones)  with  varying  degrees  of  success. 
Unfortunately  there  does  not  seem  to  be  a  common  methodology  that  can  be  applied  to  all  of  the  proteins.  The 
common  features  are  limited  to  extrusion  into  an  organic  alcohol  and  the  need  to  conduct  postspin  draw  to 
achieve  the  highest  mechanical  properties.  Work  is  continuing  on  the  best  methods  for  fiber  formation. 

The  very  first  fibers  to  be  made  ranged  down  to  a  diameter  of  8  um  (close  to  the  natural  Nephila )  and  had 
tensile  strengths  of  about  25%  of  the  natural  fibers.  We  have  subsequently  generated  fibers  with  diameters 
down  to  5  um,  tensile  strengths  to  50%  of  natural  fibers  and  some  with  elongations  of  nearly  200%.  These 
properties  are  likely  to  improve  with  postspin  draw. 

The  new  gene  constructs  and  proteins  represent  an  entirely  new  approach  to  understanding  the  basis  for 
spider  silk’s  strength  and  elasticity  as  well  as  the  first  systematic  test  of  our  ability  to  control  both  of  these 
properties.  With  the  ability  to  control  the  properties  of  the  spider  silk  fibers  and  films  they  can  be  used  for  a 
much  broader  range  of  military  and  civilian  applications. 
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